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Ie INTRODUCTION 
4. Development of the Uff-shore ’roblem 

The petroleum industry hes turned seaward in its search for more 
Olly offi, nesded to meet the steady rive in the demand of our expending 
economy; oli, needed for = adequate, ready, domestic reserve and, oli, 
esventiai to support that economy in the future, whatever it may bold. The 
success of this venture wiii mark the continuation of the contributions of 
this vigorous industry to the national destiny. 

Off-shore locations have presented &@ more complex drilling and pro- 
duction probiem than previous inland locations. the deptu of water and 
the wide variation of water surface conditions have made the basic drilling 
reguirement of no relative motion between the driiiing rig and the weil bore 
expensive to moet. the destructive power of ocean storm waves, winds, tides 
ané currents hes sade drilling ani producticn structures difficult ami exe 
pensive to erect and méintsin, fransportation end communication from shore 
to see under even moderate sen conditions has not been easy. 
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Be ‘urpose of investigation 

4t is the purpose of thie report to examine some of the present 
off-shore driiling and production probleme in order to determine the ap- 
plicabiiity of certain diving techniques to their solution. ho attempt 
has been made to present a detalied analysis of, or a complete solution to 
the probleme discovered, o mechanical designs are presented, Instead, t he 
paper ehows the nature of certain difficulties and indicates the extent to 
whieh current diving techniques may contribute to their elimination. 

Petroleum exploration parties end drijiing crews have gone down to 
the ses in 4 variety of craft; some converted, sone designed) in order tp Aeon tol, 
explore om driii the contienta, selves. Conte buve been highs “Production AK. 
has been difficuit. Ee hes boom cotinsted thet there has been AAMAS mene 
then one doliear in income for every seven doliars spente??#s3 The reduc- 
thon of these costa was, is, and will be the probles of off-shore exploite- 
tion to be solved not only through the utilisation of tested oil field 
science end methods, but also through the utilisation of the seafaring skills 
and professions which in the eariier days, left a fiavor of the sea in the 
Language of the industrys4 Certainly, the experience of the subnariner ond 
the diver may contain "knowehow" useful in this off-shore ventures 
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CG. Statenent of “rvcedure 

The process of investigation has nad necessariiy wo phases which 
may be stateds!< fll com 

(a) the examination of current off-shore driiiing problems; and 

(>) ‘the applicability of diving techniques to the solution of these 
prodicms. 
The procedure foilowed during the execution of each phase of tne Investigetion 
then feli into logical sequence: 

Phase I 

(a) exeminetion of current off-shore drilling and production 
methods 

(b) identification of unique, off-shore driliing md production 
problems; 

(s) ee of current applicetions of diving techniques to 
the solution of ‘off-shore probiens; 

Pnase II 

(e) examination of current diving techniques and developmenty 

(tv) angiysie of the potential extension of these techniques end 
developments to contribute te tne solution of sdditional off-shore probiems. 

Pursuant to this purpose, it became apparent that the practicality 
ef any potential contributions must be weighed in terms of the estimated 
Sosts for development, procurement and operation of any new or modified 
equipment against any aivantages, immediate or future. further, the costs 
Should oe balanced against the elements of risk from weather and from the 
nature of the operation, “hiie these controlling factors are, in most cases, 
mot susceptible to any exact evaiuation, comparisons are possibie, Aarginal, 
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features may be indicated, 
Fh | oud of terme wed wili be femillar because conventional 
Tanyguage has been used, owever, in appendix 1, there is « listing of 
toms and definitions. This diould provide ready reference and preclude 


any miourmdierstanding of the terminology. 
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Tie CURALNT OF PeiHORE DULLLING ABD POODUCTION BETHDO 
Ae Drlillng Nethods 

Vurrent off-shore driliing methods may be divided inte two classes 
by the manner in which the derrick is supported above the drilling location. 
in early off-shore development, the derrick was erected on « fixed, immobiie 
platform, supported by pilings ebove the wave level. Currentiy, the method 
ie still in use but is giving way to the moblie barge which not oniy sup- 
porte the derrick but transports tiv drilling rig from one location to the 
next. Therefore, these classifications of off-shore drilling metnods may 
be stated as foliows: 

(a) fixed platform 

(b) moblie barge. 
ie Fixed “latform Method 

initialiy, fixed platforms were cunetructed to suppert the entire 
Grilling rig, ite sceessories, ai the dridiing crews’ quarters. Une such 
platform alone cost the Sumbie 011 Company approximately one and one naif 
million dollars. VYortunately, oil was found. Jeven wells were drilied and 
produced from this platform.” 

It was apparent that this high cust of « foundation platform was 
excessive for wiideat drillinge 

A etralght forward reduction of costs was apparent, if the sise of 
Gee paatderm could be vedened without exevificing the etpebtitty of Gsblddns 
and producing several wells from the singie piatform. Further exanination 
showed that eaivabliity of pietform structure would reduse costs vy permite 
ting rewe of materiai. In addition, important initial savings in time and 
material could be made, if major weight and load distribution changes could be 
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held within small iimite, 

Hore modern fixed piatforms combine tnese idews, -vonverted, ,overn- 
nent surplus, Te and other craft are used as tenders. these ships carry 
and power the main mud chgubating pumps, the mud mixing and conditioning ‘//- 
equipment, and the main mud tanks. ‘hoy serve as floating storehouses for 
pipe, mud, water and equipment. Finaliy, they provide comfortable berthing 
and messing accommodations for the driiiing crews. ‘the muitipie well der- 
rick, an innovation of the Les ©, Moore Engineering Cumpany, hae & xovable 
crown block and multiple power teke-offs for the rotary table. This enables 
five wells to be driiied without shifting the derrick, in terms of piatform 
design end construction this derrick has permitted the number of pliings 
per five-weli platforms to be reduced from thirty-two to eighteen.” a 

iuact cost figures for this type of platform are not aveiiebie but 
estimates run between two and three hundred thousand doiiars./e%s? Tnis is 
stil) & considerabie sum, 

+t should be noted that this piatiorm cost reduction hee not been 
realised without some disadvantages, These arc: (a) mud pumps and olreu- 
lating mud may be seperated from the weli during @ heavy storm (b) heavy 
duty moerings are required for the tender; (c) etund-by tugs are required 
for the tender during severe storm conditions or « certificated crew must 
be masintained on board the tender and (d) ratner complex devices are required 
to permit movement of men and stores from the tender to tie piatform. in 
ali fairness, it must also be steted that these devices permit the movenent 
of men and stores under conditions of sea and weather which would preclude 
a sicllar movement from & small craft to the piatform.*° 
2. Mebile darge 

Rhen the coats of the fixed platform metiwd of off-shore driiiing 
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were appreciated, tha advantages of a moblie, self-contained drilling craft 
were a@oparent. These advantages briefly ard) cecreased time two shift loca- 
tion; @livination of driliing plsetform cont) eiimination of risks attendant 
econ tatetines time eoiiatinal elibiliiitiae tien ‘es Vastitaas ty tea deinen 
and the convenience of @ coxpsct, unitised drilling rigs 

The barges now in use may be subdivided into three rather distinct 
Wpes which are: 

(a) conventional ship or drydock which is Limited in depth by ite 
effective freeboard, usuaily to twenty feet of water or iess in protected areas, 
Landing pontoons may be used to accomodate Bloping bottoms and provide a 
level seat for the barge proper. Susceptibility to storm demege almost pre- 
Cludes the use of such equipment in open area,*#»43 

(>) fixed-leg, subsersible barge which carries tue drilling rig on 
&@ platform: connected to the barge proper by steel legs. it may or may not 
have machinery compartments and storage tanke within the submersible barge 
huli, its depth Limitations are determined by the length of the legs. ‘re- 
sent designs are linited to about fifty Leet of water or iews. lixternal 
pontoons on outriggers, or special baliasting arrangements may be provided 
to secomodate a sloping bottom and to insure maintenasce of vertical through- 
out the drilling operation, et5,46 

(c) Movable or adjustable leg bargee which become driliing platforms 
upen reaching location by extemling plies inte, or pontoon based columns to 
the bottem aul then jacking up the pile or column to a safe distance above 
the water level. Yor guif arees, this level is now set at about forty feet 
@bove mean guif ievel. Current designs are Limited te approximsteiy one 
hundeed feet of water or Leseg?!e+5st9 

it should be noted thaty once these barges are driliing on seeMtEee | 
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they are effectively fixed platforms. in the cases of types (e#), (dv) and 

the pontoon based, adjustable iey barge, there is 4 possibility of aming 

out of the hole and moving the barge to @ sheltered Jocation in te advent 

of severe weather with adequate warning. ost figures for the various now 
bile barges are not readily ovallable, However, it is mown that the iiichard- 
gon and Base dviliing barge, "Ylind Pass,” @ fixed leg barge, cost one and 


20 A recent extimete for a 


oneehalf mijiton doi.ars without equipment. 
similar barge equipped ami with all auxiliary vessels wes two miiiion two 

hendwed seventy-five thousmns doLlere.®) ‘the Oseen Driliing end inpleration 
Vonpany*s fixed leg barge with pontoon stabilisers for drilling in water to 
a depth of forty feet will cost in excess of taree million two hundred thou- 
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Be “roduction Methods 

Gurrent production methods Closely -araliel those methods used in 
G@ridiing with the excepti.n that platforms far weil nead sun trots need not 
be as lerge or substantial as driiling platforms. livery effort is made to 
centralise curfuce equipment in order thet it may serve & maximum number of 
weLlve 

Service equipment may be instailed on & conventional pliing supported 
platform or it may be totally or partially inetalled on o submersible barge.”? 

The submeraible barge production platform is similiar tw the fixed 
leg, mobile, drilling barge except that it does not require a complex ballas- 
ting or pontoon system, 

livery effort is being made w eliminate manually operated controls 
at the individual weiie and te substitute controls at the production platform 
or production platform controlied remote overating gear. 

any extensive malntencnce requires the use of specle@iay equipped 
workover barge.“ Interruptions of work by weather conditions are not ine 
frequent end are extreseiy expensive. 

Any eae in excess of pcroducticn requirements is generally fliered unless 
the field is so fortunately eituated as to permit 4 pipeline te 4 shore geé- 
thering system to be eoutomically feasible. 
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ve Transportation Methods 

The pipeline Le the preferred method of transporting ol. frum the 
field to shore systems. The cote of these offechore underwater pipelines 
are approxinately three times the eust of similar land installaticns seo that 
verges, both self or noneseif propelled, ere used extensivelys*9?*° 

weather interruptions are 4 big factor in barge operetions. “pecial 
fender pilings and moorings ore required at the tank batteries. This cone 
bination of the interrelated factors of weather, mooring requirement, aliowed 
produstivun, end barge size has prevented the antieipated secnsmbes of barge 
transportation from being realised. 
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Lite UNIQUE OF PeSHUKE PROBLEMS 

Ae Vommon Lriiling ami Production ?roblens 
Cost is the major eommor off-shore problem which has already been RA te 
Pinepointed. However, it is understecd that cust in the resuit of diag } 
sclutions to Je basic enginoering problems involved. if iess expensive 
methods are not developed, present costs could restrict the exploitation of 
off-shore arcss to a fraction of the cuntiontal shelf area. 4) 

Another great impendereble in the off-shore venture ie weather. it 
is freely and frequently granted that little or nothing can be Gone to cone 
trol the weather directiy, However, special Guif forecasts predict its 
effect on operaticns in time te avoid some storm danage, Acourate statisti- 
eal data are aiso complied in order to bulid equipment to work in spite of 
the weather, ‘These forecasts are eighty-five to ninety-five percent sscurate 
for twenty-four sour forecasts ami seventy-five to eighty-five percent accue 
rate for periods up to fortyeight hours.?? 

Specifically, wave height and effective pressure are the two results 
ar aspects of weather which contral off-shore design and operation, for 
example, Juif of Mexico experience shuwe that crew boats cum omiy be safeiy 
amd efficientiy handled alengeide a pistform when wave Relghte are taree 
feet or less or aloneide & tender when heights are four feet or iess.*° ala 
elements of the pliiing and piling bracing must be capable of wi thetanding 
etorm wave a@otion. Available figures for a wave of thirty feet in height 
@bove the ordinary nigh tide off the Texas Gast shuw the maximum dynamic 
presoure at the top of the wave to be seven hundred and thiriy pounds per 
square inche*) After expensive experience during the Jetober, igh) hurricane 
design eriteria were revised to the following: ”” 
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wind velovities, one hundred twenty-five miles per hour; 
maximum wave height, forty fee\y 
storm tide, ten feet avove normal high tide. 
Bven these figures require the acceptance of the risk that storms of bng 
duration, capable of destroying the structure, may occur once every forty 
or fifty years. 
any inprovenents in the present forecasting or design data cen only 
be made after & considerabie period of time and research. 
n Current equipment in operaticn or under constructivn is limited to 
water deptinof less than one hundred feet.>* ieowever, there is reason to 
believe that of] will be found in sediments out to six hundred feet of water.” 
Gonstent attentium and design otudy is being devoted to the problem of elim- 
inating this depth limitation of present equipment in order to permit ex- 
ploitaticn to the one hundred fwthom (six hundred foot) curves 
heblilty ie another desireble characteristic of offesnore equipment. 
Hobiic equipment will be largely salvabie and capable of reuse, and will ree 
duse costs incident to moving from one location Ww the next, Jn certain lo- 
ostions, equipment may be used mich is susceptible te storm damage on loca~ 
tion but which may be moved te 2 sheltered location st the onset of dangerous 
weather. A survey of eighteen of) companies and ten designers or constructers 
of offashore equipment”? showed the foliowing desired characteristics waten 
affect mobility: i 
(a) shallow water unis 
operating depths « ten to forty feets 
capable of shifting iccations in one day; 
capable of being towed at three miles per hour ayainst four 
foot waves; 
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(bo) deep water unit 
operating depths ~ fifteen Ww one hundred feet 
capable of shifting locations in Uuroe dayag 
capable of being towed at five miles per hour ageinst five 
fool wavese 
Production and drilling pletfom designs nave the common requirements 
of adequate strength to perform their sunction in adverse weatner, maximum 
eavability, ease of erection, and iow initial costes. Aithough mobiie drilie 
ing barges may be the best anuwor vw the drilling phase of the problem, plate 
form design requirements must be met in production. Current thougnt, 34 
expresced by Dale 7. Leipyer, is as follows: "Lt was brought out that there 
are Gio ways in which offeyhore structures may be altered & Withetand tae 
damaging effeet of burricane waves: 
(a) strengtaen the structure or reduce its weve resiotance; 
(a) raelee the piatform above the sune of wave resistance," 
it should be noted that this approach wili raise initial costa, if nothing 
CLSee 
Support of the driiding ami the production operation is another exe 
pensive and perplexing phase of the whole problem because wa are again face 
to face with an implacable adversary, the weather. -woeubiy, helicopters 
nave been brow.it inte use for ihe trensportation of men and iignt materiais 
bat the movement of heavy equipgent oad the erection of of feshore structure 
Still wait won the whins of the elements. Wave Acivhte of greater then 
six feet stop pletform bulidings Tne driving of o aductwr pipe is stepped 
by waves greater than four feet, ”999° the initial offesiore test off Mustang 
islend by the Gulf Uli Gospany was delayed for sbout ninety days with equip- 
ment demurrage estimated at a rate of four thousand five hundred doliars per 
daye >t 
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Polution of lnlLend waters or of tbe shores of water front property 
is @ problem in the mental foreground of any person connected with off- 
shore oii, Vortunateiy, good preseure control is possible. The consequences 
of any casualty, euch a5 & woii “blowing wild," would be extroneiy expensive 
not only in terms of damaged equipment but wore so, in terms of property 
damages end iawyer's fees.” 


ax 
ere ern 20 to stedew banded Lo avisuicl 


if » 
eee be © 2 


Peededint 


- ei vals S siiee . 


i 20 A | ‘ienentabies athe: 
Pas ayeKaR vn 


ro Pees Fin TS * 


‘ ‘ : ‘ f ; ‘ e eae uh 
y ee i Me ete aud fren Mee | E- 


ry? ; ete | AK 4 ee nh, Cin - j 
werd.) OU er BM es ee tm eaten <a [ jl a 
UP af , 4 Me M Py x Mis * gut ay a 

i 5 ER NMR Bs 
= ea ae 


mf eas SNe i aon A, «hadi 


we = Keay a i rater 


ss AE me oy AG 
joa wh + 
tak KARE A 


a 


Be Uperational Problems while -rilling 

The probleme incident tw the actual driliing off-shore are not any 
greater than those encountered in the “ulf Tidelends. Jcomewhat elaborate 
precsutions are teken to contol bigh preasure fiuids. At moderate depthe 
three tlow-out preventers arw euployed, 4n additicona: preventer is added 
for deep drilling. One operator is reported to have five preventers in we, 
Mud quality control is essential, Ample supplies of makeeup material are 
cerrieds? in addition, At is important in off-shore dridling to insure 
that the conductor pipe Ls deep enough to preclude undermining any portion 
of the foundation, be 1t « piling or 4 submersible barge. 

any operator, requiring Gontinuous service from 4 Urilling tender, 
tlom. in even moderate seas, surging of the tender against the drilling 
platform can be destructive, lssentially, the vow or stern of the tender 
must be fixed in position, regerdies: of possible wind and tide combination, 
This requires that any mooring ear hold without dragging or faliure, ure 
ing severe storm conditions the tender must be removed to shelter or aliowed 
te Wing clear of the drilling platform te a position where & long scope of 
Chain may be used and sea room ia available, Simiieriy, the platform must 
have exergenoy power for muxi pumps, ond « mud supply or allow time tw cone 
out of the hole and batten down with eush warning of dengerous weather, 
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Ce Production ?roblens 

Production shaves the problem of piaetform design with driiling. In 
addition, it has & probles in maintenance because production piatforms are 
in use for a long period of time, Similarly, weather is not only en element 
of destruction but aleo the drawback t trensportation, eas with weves greater 
than four feet make access w the platforms dangerous and preclude the safe 
conduct of loading from the platform to a barge or ceurgo luggere There- 
fore, pipeline transportation of crude to shore te prelerredy waere it is Af. 
practicable. 

fiowever, the maintunance of these pipelines is 4 probierw which can 
be compounded by a location remote from porte and by weather. Vor exmple, 
theve are nineteen miles of submerged pipeline between ollover Field and 
the beach, Hepair equigment must travel approxinetely one hundred and fifty 
miles, when needed. epair equipment rentals run from ome w tures and one 
half thousand dollars per day of the total. A breakdown of ropeir biils 
show ninety percent of the total for travel and stand-by time, and ten pere~ 
cent for actual work. 0 

Cae produstion from offeshore fields is stiii mot ecunomieaily 6 ound 
in most cases, Oniy four of twelve off-shore gas fields are producing. Tue 
renainder are vhuteing! 
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IV. SUMMARY OF CURRENT DIVING THGHNIQUES 
Ao Submarine Medicine 

Any appreciation of current diving applications and techniques must 
be accompanied by 4 rudimentary knowledge of the effect on man, when he 
breathes varivus gas mixtures under changing preseure oonditicns, uch knowe 
ledge by no means embraces the entire Meld of sumbarinc medicine but is in- 
cluded therein, ‘the foliowing diecwsion is not complete, it iv intended 
to plnpoint those imitations of man which Giso limit the ,eried be can work 
underwater. 
le Bends or Caisson Mosese*? 

For purposes of this discussion air will be considered & two gas 
mixture of oxygen and nitrogen, At atmospheric pressure each person nas dise 
Solved Within his bleod stream and within his body's tissue & quantity of 
the inert gas; in this case, nitrogen. If the air pressure of tiw inhaled 
air is increased, a5 it is as 4 men dives or enters 4 caleson, & greater 
quantity of nitrogen or inert gas is taken into solution by the blood end 
tiowues, if the pressure of the inhaled air is decreased, & quantity of ni- 
trogen will be siowly @linineted from the bloed and tissues inte the expired 
breath vie the lunge. 45 iong as this elimination process is gradual, =o 
adverse effects occur, dowever, if the decrease in pressure is rapid, the 
inert gas wiil ieave solution and form bubbles before it le transported by 
the bboud stream to the lungs. these bubbles press upon the nerves end pro- 
duce 2 symptom which varies from @ slight itching to severepain; generally 
noticed near the joints. ‘This is known as caisson disease, or bends, in 
severe Cases these buvbies can cause permanent injury to the nervous system. 

| 4t should be noted that the quantity of nltrogen taken into solution 
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varies with the pressure of the inhéied air and with the duration of exposure 
to that pressure. ‘therefore, a record of the presoure ond the time of exe 
pogure is necessary in order tw determine the tine rate of pressure decrease 
which wil. allow this nitrogen or inert gas tw be safely cieared from the 
bouye 

it is also loyicai and correct to assume that, if another inert gas, 
Such as helium, were substituted for nitrogen, a different, safe, pormissibie 
rate of pressure decrease will govern, Therefore, it follows that "bends" 
ie not caused by nitrogen alone but wili be caused by any inert gas, 

lieLium is the inert eas commonly used in artificial breathing mixtures. 
Generaliy, it may be stated thet helium wili diffuse through the blood 
streams more rapidly but will not enter the body tissues as rapidly or readiuy 
ae wili nitrogen. Therefore, helium-oxyzen mixtures will allow & greater rate 
of prescure decrease than will compressed air, it should be noted that helium 
oxygen mixtures do not provide any insurance against “bends” but on the cone 
trary, they are more sensitive to the rate of pressure decrease, This pro- 
perty of heilws, which allows 4 wuicker purging of gas from the biced stream 
and body vie the lungs, is omly one of the advantages gained oy ite we. 

Practioaiiy, tables are available for compressed air and for various 
helium~oxygen mixtures which show or, in the vase of hellumeuxygen, pereit 
the computation of the time to be spent 4% selected Lower oressures (decome 
pression time) when the greatest preasure (depth of dive) and the interval 
im minutes between the time of leaving tae surfsce to the time of leaving 
the bottom (time on bottom) are mown, ‘This table for compressed alr shows 
that & dive to one hundred feet and a tine on bottom of eighty-five minutes 
Fequires approximately sixtyecne minutes of decumpression tine, A dive to 
wo hundred and fifty feet on air and a time on bottem of twenty-five minutes 
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requires 4 decompression time of S.proxinately two sours anc talrty minutes. 

Fingi.y, 4t should be uncierstood that these decompreseiun tables are 
tie vewult of practical «periments, using mumbors of wei ieconditionsed men 
ae gubjects. The decompresuion schedules, even wien reii¢iousiy followed, 
wlll protect onmiy ninety percent of the nen after hoavy, working dives. 

2, Narcotic Uffect of Witrogen'Ss46 

when the body is exposed to pressures of four atmospheres (absolute) 
or higher, the nitrogen present in the inspired air induces 4 narcotic ef- 
feet which may be aonpared to alcoholic intexication, vnfortunstely, the 
responses of the individual are simiier to those of 4 person not receiving | 
@ eufficient amount of oxygen, ‘The variation between individuals, when ex- 
posed to nitrogen narcosis, is wide.4? In i915, incident to the salvage of 
the USS Pel off fionolulu, divers worked at a dapth of three hundred four 
feet (approximately nine snd & quarter atmospheres, absolute). 

eLiua, however, dogs not produse this naroctiu effect. Use of 
hichiacvatreen eiibene eaiiuah Gite: Ye tintin of five hundred fy feet 
without adverse effectes sl? 

Be Anoxis ond Oxygen Podsoning™5) 

Anoxia, the Lack of em adequate supply of oxygen, has been mentioned 
previously. It produces sym$toms sindlar to nitrogen narcosis, Therefore, 
at depthe below one hundred fifty feet only the experienced, compressed air 
worker or diver will be able to distinguieh anoxia from narcosis, 4+ may 
be Guncluded that the worker or diver is dependent upon his equipment and 
his tender, if any, for an adequate suppiy of oxygens 

#hen an individual Greathes pure oxygen under praseurce greater than 
one Gtmoaphere, absoiute, he may, after a time, experience symptoms which 
wary fron numbness or dissiness to « convulsive seisure. These symptoms of 
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oxygen poleoning have an irreguier ami wide occurence pattern even for a 


Gingle person. ot very much definite information is av iieble concerning 
the rwasens for, or the mechaniom of, this polsoninge Ure ve de Lanvertean, 
Lehood of Pharmacciogy, “niversity of Pennsylvania; the ve ~. Seve. Medica, 
Aesearch Unit, bethesda, Maryiend and the U. L, Naval ixperimental Uiving 
inetitute, sashington, Ye »» are now conducting or have conducted investie 
gétions into various phases of the problem, it is known that apprehension, 
bard work or carbon d@ concentrations in the inspired gee mixture will 
enenlevete coouwredicn ef poleuning epuptens. inere is reas nebse assurance 
from diving records that taere is no duper of oaygen polsening waen breathing 
Gompresged Gir, aitnouyh ayaptoms may huve been masked or net reported, Uxygen 
polsoning may ocour when breathing compressed gue mixtures which are richer 
in oxygen than air. in using beiium-oxygen mixtures for deep diving, the 
partial ,reseure of oxygen 16 Glways maintaned below 2.3 wimospucres, abso- 
lute, thie arbiteary rule bes tween succesufu. in practices 

Prom the foregoing, it may be cuonciuded that tae useful time on the 
bottom for any dive wiil depend won the inert gas present and the partial 
presoure of that inert ges when on the bottom. ‘he partial pressure of the 
inert gas may net be lowered indiseriminateiy by use of oaygen rich mixtures 
Without danger of oxygen poisoninge”* 
be Garbon Dioxide *oisunings 

On the surface, a three percent concentration of carbun dioxide is 
@oproxinately the wmeximum which can be to.eraied without distress, accompanied 
by heavy breathing oni headache. four this reason and Ww avoid the accelerae 
ting effect that carbon dioxide soncentratiuns save on oxygen poisoning, it 
is importent that the partial pressure of any carbon dioxide in the inepired 
ga wixture be iest than forty-four aundretas of & powid per squere inch 
(Geb pei equivaicnt to the partial presewre ot surface of 3% Dg). 
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In conviusiun, it may be said that the medica, knuwledge of man's 
reeponse to varluw gas mixtures, when they are 4t & proscure greater Wan 
one @tnvwphere, is barely euificient te permit tue current types of diving. 
There 1s no evidence t denuiwtrate the effect on man, if otner gases, such 
ae those associated With crude vil, were insesed under pressure. Current 
research in thio flead may enhance our understanding of oxygen poisoning 
and vends but it is doubted tont any immediate results wii greatly increase 
the time cn the bottum at dents yrester whan three Lundred £e@te 
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Be Hose Living? 

49 the name indicates, & hose diver is comected to « surface oreath- 
img g@s supply by means of @ hose. fae diver aay weer 6 ehéhaen Unter bike 
mot, a face mask, a iight weight diving dress, or the conventional, complete 
diving dress depending upon the temperature of the water, the depta, and tne 
nature of the work to be accomplished, in cold water, for deep dives, or 
for heavy work around obstructions, an appropriate diving crise wild be used 
for protection. For working dives to depths greater than one aundred fifty 
to two hundred feet, where the advantages of tie ae.ium-oxyygen mixtures are 
appreciable, 4 complete diving dress with eo special heimet must be worm. it 
will suffice for the purpose of this investigation to etate that the helmet 
for use of heliwseoxyyen mixtures has an attached carbon disxide abeorbing 
esnister to insure @ low concentration of carbon dioxide in the inspired air 
and to eocnomise on gas usages 

in addition to the depth and tixe on botten limitations, which have 
been discussed, the diver's ability to work wiil be iimited by» currents, 
water temperatures, anc the turbidity of the water at hiv working depth. 
Gurrents above 4 velocity of one knot are a real problem te the diver. Yor 
deep dives even this velocity, if consistent in direction, could make diving 
Operations impossibie, “old water conditions may be corrected by we of 
the diving drese anc nested underwear, except when the work requires 4 high 
degree of finger dexterity. in a few areas, high water tperatures have 
been 4 problex which was suecessfuliy met by endurance and & shortened worke- 
ing period, Turbid conditions at the working depth Limit the vision of the 
diver, even when artificei lighting le used. fiowever, if the nature of tue 
work and the water tenperatures permit, the diver can work by sense of souch 
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alone. it should be noted that « diver, waiking on @ muddy bottom, will 
create enough disturbance to impede nis vision. 

in conclusion, it is stated that aithough the howe diver has en 
adventage of increased time on the bottom, he is aise restricted by current 
eonditions and by any dieturbance he may create on the bottom, 
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Ve Free Living 

Theres has been considerable attention given to tals tyve of diving 
in current ilterature and magagines. ere again, as the neme implies, free 
diving ie diving without any conmection t the surface or dependence upon 
@n air hose. ‘Saturaiiy, diving in tule mamer bas atiraction for the under- 
water éight-seer and the spear fisnernen. 

4 free diver is subject to aii of the medival iimitations of the 
hose diver and, in addition, is iimited by the volume end) pressure of his 
breathing gas mixture and oy ais rate of consumption of that eup dy. Jt may 
be added that, when work is related to breuthing gas comoumption, teste per- 
formed at the Lxperimentaa Viving vnit end eleewnere, have demvastrated that 
ewinming ie the hardest work man performs underwater. 

Training in the use of free diving equipment is deceptiveiy easy. 
46 & group of West Voest divers have stated, “in five minutes & man can learn 
enough to be able to kil bineeis,">" fn outiine of a training schedule for 
the use of free diving equipment is contained in National seademy of  clences 
Publication, 274, entitied "Wn using Seif-conkained Underwater Ureathing 
Apparatus."”? 

The practical advantages anc Limitations of the free diving technique 
ares tne ablilty te merate in sigher current velocities tuan &@ howe diver 
when @earching ond when doing Light works; the equipment is less expensive; 
the equipment is more mobiie; tue free diver causes Less bottwm disturbance; 
the free diver requires less surfece support; and the free diver may enpioy 
umierwater vehicies. 

Sn conclusion, it may be stated that free diving is complementary to 
hose diving within the dapth iinitations of the free diving equipment used, 
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De. The Vaisson and Living Beli 

The Gaisgun and the diving beli ore familiar equigment to under- 
water constructors, They beth utilise 4 closed, underwater chanber from 
which the water is excluded by air pressure in order to permit men te work 
on the bottom within the chamber, ‘The caisson is a cylindrical structure 
extending to the surface so thet access to the pressure chamber may be ef- 
fected by an air lock. in the usual employment of the diving beli, the men 
Within the open bottomed chamber of bell are lowered and raised by a hoist 
from a surface vessel. ‘here are some installations, where the diving bell 
is semi-permenentiy sited under water enc used as an observation station. 
im this cass, the observers must dive from the surface and enter the bell 
from the bottom. 

Hen working in @ c@iseun or diving beli are subject to 411 of the 
medical iimitatio:s of a diver, lowever, thie equipment Aare the mivantage 
of persiiting work by men who are unencumbered by diving gear, who ure warm, 
@nd whose vision is unixpaired by the turbidity of the water, 
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Be Tae Diving Vehicle 

Excluding the submarine, the bathysphere, and the batuyscapne, there 
is another fairly new group of diving vehicles which are not »ressure tight. 
They are designed for use by the free diver in order to permit him to in- 
crease his range under water vy substituting @ motor or bicycle«driven pro- 
peller for swim fins. An average, welieconditioned, man can swim with fins 
about one mile underwater, whereas, in 4 diving vehieie, ae con operate for 
&@ distance of about four milose?® 

These craft have been used to & Limited extent for recreation and 
underwater photography. ‘heir pupsibic edvantages have not been exploited 
industriallye 
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Be DAving Tools 

There is & rather common opinion which is inherited from storles of 
early Galvage operations and which classifies the diver as 6 speeches of wnder- 
water rigger. Allegediy, he can, with expert guidance from above, find 
things underwater end attach lines to bis discovery. 

Actually, the present day diver is a vorwatile neshenic,”’ le ie 
eapable of cutting with gas or electric area, of woiding, of caulking, ond 
of setting explosive charges. Virtually, li of the air operated or explo- 
@ive operated hand tools may be adapted for the diver’s use, The ponteon 
and the Lifting bag provide him with independent and powerful holeting equip- 
ment; albeit hie control is ssmewaat rudimentary. 

Recently, two otucr devices have been tailored for underwater use. 
These are the cunera end the industrial televisiun chain.” its tale equip- 
ment it is possible to see, record and interpret information which the diver 
might have missed because of Limited vision, fatigue, nitcogen narcosis, or 
Lack of special competence, loth wie camera and televieion chain are Llinited 
by turbidity, juet a5 is the diver. Good conditions may reaps. 
fifty feet, but more often loss than ten feet is tho useful rangee in shit 
laden water, mo piuturep or Vivien de possible moss a nonsturbid cubetance 
ie used to displace the water Uetween the Lens and the object to be viewed 
oF photograpied. This technique iv experimental. 
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G Current Applications of Living Techniques 

Diving techniques nave already been ubliised Wy polroieun gooloe 
gists, pipeline constructors, wii platform erection crows. the yeologlete 
have utilised the technique af free diving a 4 seans of extending their 
surfuce map under water.”'#°" ue diving bell Aas alse been wed to obtaln 
gravity meter readings on the oveen fioor.™ The pipeline consirustor Aes 
employed the diver to probe tne bolton prior w caplosive ditching, to ine 
speet the bottom or ditch prior to pulling the explosive string or pipe, ad 
to wakk the pipe to insure thst it le sulficientiy deep in the ditch. Vivers 
also assist in ditching, end piacing the pipe utrings™ ‘the plutfom cone 
structer hes wed Wie diver to Waid spilt coiiare to the piatiom pliinge 
This permits pre-stressed wire braces vw be struny from the mad level to tue 
piling cap.°3 im general, these are the twaditdunal tasks of the diver as 
an @xiliary \& uwkler Water GuGtruclions 
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Ve AWALISIS OF POTRNTIAL DIVING AP PLIvATIONS 
ie Submerged OUriiling 

The practical difficulties of working under pressures greater than 
one atmoshere have prejudiced any conpideration of submerged drilii:ge lowe 
ever, & statement in the March iseue of World Oi) reads, “Within five years 
Giving belis cupable of being submerged below water and fuliy equipped for 
drilling and with crew quarters, may bo a reality."“4 this was encourages 
ment enough to prompt a reexamination of the potentiai of this approach to 
off-shore driliing.s 
de ‘equirenents 

4f the problems subsequent to coupleticn; such a8 control, routine 
maintenance and work-over; are divorced from the picture, the wtal potential 
of submerged driiiing can be ageayed by considering in some detalii the ree 
quirements of suth an operation, in thie cunsideration, the foliowing state- 
ment was used for guidance, "Although opemewater driising may eventuaiiy re- 
quire radical changes in driiiin, equipment, tuo chunges should be graduaie 
Attention first must be given to the development of smalier items of equip- 
ment und techniques required for the specific prohlens of water operations." 
it was aleo assumed thet my project of this magnitude would strive to elinin- 
ate any depth limitations; thet is, provide for a six hundred foot operating 
depth. in addition, the deep water driliing unit should permit unrestricted, 
yeareround drijling.®© 

in general terms, the requirements for driiiing may be listed as ful- 
lows: (a) transportation or logistic support, (b) a source of power, (c) 4 
derrick and acisting gear or its equivalent, (d) a mud system, (6) & drilling 
string, (£) storage facilities, and (g) messing and berthing facilities. 
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The transportation of the submergibie driiiing barge ond ite iogistic 
support while it is "making hole," poses no new probless, the barge wil] 
either be towed to lucsetion or be self-propelied, in a much #3 propulsion 
equipment aide to the complexity of the berge and to the payroll, it is as- 
cumed that a non-self-propeiied barge would be selected, Logistic support 
would require one tender or station vessel to assist in energencies and to 
serve 8 & warning ehip for other surface craft, Another cargo lugger and 
probably ® heileopter would be required fur transportation of men and matee 
Fials from the shore base of support te the tender, 

Transfer of men and materia, from the tender to tae submerged barge 
would undoubtably be restricted to emergency requirements, Gowever, such a 
provision would be mandatery to boister the morale of the barge crew, to ob- 
tain reasonabie insurance rates, and to provide for the technical services, 
such #6 «lectric logging onc cementing. ‘Thie transfer could be provided for 
in any of three ways: (a) by means of « rescue chamber similar to the deo 
whee enployed by the Navy to rescue the survivors of the Squalusy™ (b) by 
&@ snorkle enlarged and fitted to permit socess; and (c) by either («) or (b) 
above for personnel and small equipment only, pius @ carro lock into the 
diving beli section of the barge which would permit a diver to rig vargo in 
and out. After consideration of the magnitude of this venture and of ite 
experimental aspects, the third way is the logical selection, However, pru- 
dence dictates that both the access enorkie and the rescue chamber be provided, 

Power could be provided oy diesel electric generators instel.ied in 
the submerged barge. tandeby power for emer:ency surfacing and for shipts’ 
service, only, would be provided by batteries. it should be noted that the 
diese, exheuwst blower discharge pressure must be in excese of three hundred 


pounds per square inch, (This avsumes a six hundred foot operating depth, 
a ten foot storm tide, « forty foot wave allowance ani a sea water pressure 
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gradient of .kb5 pel. per foot.e), if & submerged a contempiated. 
Tails presente & strong reason for discharging exhaust gas through the 
enorkle and accepting Wie adcitumal air conditioning load, 

At tule stage, 1% seems appropriate t plapeint the characteristics 

required of the snorkle: 

(a) be fitted for emergency access by nen; 

(bs) provide 4 conduit for intake air, exhaust, and mud tank vente; 

(oe) be of sufficient height to previce for en operating depth of 
eix hundred feet, which height would be approximately six hune 
dred fifty feet; 

(4d) poesese su’ficieat nechenical strength to witsetand hurricane 
wind and wave loeding, which would be in excess of eight hune 
dred forty-seven pounds per square inch, lIxest values for this 
storm load are unuvaisables? 

(e) require sufficient interna or external bracing to resist the 
toppling movenent of wind anc wave loadings 

liow, the decision to provide en independent power supply for the 

submerged barge appears to be questivonable. The aiternative to this approach 
is to suppiy power and air from the station vevsel,. The requirement for an 

ir ecurce could be eliminated, if information concerning the effect on man 

of protracted exposure to abmormai concentkatione of carbon dioxide and cun- 
eerning the design of carbon dioxide air scrubbers, were freely evaliables 
Nevertheless, the mooring plen for the tender requires close serutiny bee 

cause any oc which woud require the tender to slip ite moorings woulda /— 
interrept driiiing operations. The submerged barge would be forced te operate 
oR emergency, battery power and on air from ite banke. Plt 

Hove again Lt 4s sdviseble to pin point the characteristios of the } 


tender moorings: 
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(a) each leg must have cufficlent weight, strength, scope and 
holding power to hold the tender without dragging under hurricane wind and 
wave conditionn; 

(>) the movement of the tender must be controled by the mooring 
within the lisite of the slectric power transmission cable length and 
etrengtly 

(c} each Leg just bo eited so as to preclude the possibility of 
fouling the electric cable or the submerged barge; 

(4) 1% must permit tie chip to ride in such a maoner as to minimise 
ptora damage. 

Xe in mot considered that atone pover wilh be evaddabhe for geuseed 
use, If avallanle, it should be considered, 

Tne derrick snd noteting coer, or ite equivalent, would ve heneed (fx 
within the diving bell structure where the gas presoure would ve to A/a, Mu 
the barge depth. The Maitations te «nants auility to work in pressures ~ — aufh 
erester than one atmosphere cictate that the rig se auntrolled from Loca- 
tions not suiject to increased pressure, This would {nelude remote control 
for setting casing, ommenting and logging as well as novmak drilling. Any 
person entering the bell proper must be cupplied with & special oreathing gas 
mixture, Secaspression routines must be religiously ouserved, ALi connece 
ti me through the bel. body must be provided with stuffing boxes and be 
properly packed. It will euffice to note that adequate provision must be 
made to control and release hich pressure gases which could blow from the 
hehe, 4n eleborate system for the detection of explosive mixterss and 
purging these mixtures from the beli is @ correlated requirements 

The mud systen must be gompletely closed in order to prevent the 
contamination of the barge air, ‘This requires that the shaic shaker and the 
the mud tenke be vented to the ooean or vented through the enorkie With the 
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Giese) exhaust. inilarly, lubrieaters will be required on aii sae pling 
connec tions. 

The criliing string design would be governed by the type of remote 
operating gear euployed. The perfection of the turbo-drill would simplify 
this problem somewhat, 

Storage facilities for that material not required in driiiing or for 
the driiiing material which may be piped into the bell present no unusual 
problem, tiowever, storage for the driii pipe and coliars, the casing, and 
the production tubing must be directly sccessible t the belli structure. 

The design of berthing and mesuing facilities for the driiling crew 
Would present no new problem in submarine design. Air conditioning would be 


mandatory. 

2. Advantages 
The advantages of submerged driiliing may be eteted os foliows: 
(a) freedom from weather interference; / 
(b) sccess to the entire contiental sheif, A 


3- Surrent brawbacks 

The obstacles in the path of a submerged driliing barge development 
are conpiderable, The engineering development of the barge devign alone is 
@ major undertaking. Vtaer foreseeable probiems sre: the design of an ade«~ 
quate scorkic which will not dangerousiy impair the barge stabvliity while 
submerging; the design of the bell structure, including or replacing the 
derrick; or the design of an adequate tender mooring pian. in addition, the 
regairement for compiste remote control of the driliing processes indicates 
that an extensive, aided develooment of current automatic driiiing machinery 
is essential to the success of the entire project. This further development 
must include the discovery of new techniques for the control of cementing, 
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dogging, running of casing, ond weli Gompietione Medioal research date are 
not generally avaliable t provide tne design criteria for an adequate air 
purifying system. The selection and training of the dridiing crew would be 
expensive and time consuming. Most stringent safety procedures would be @ 
necessity. The initial evset of the barge alone would be at icast ten tines 
that of current equipment or over thirty miilicn doliears,. 
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Be Platform Construction 
Diving techniques offer no great contribution tw the current methods 
of platform construction. Prior w the advent of the emali platform end 
the uriiling tender, the ued pf \prefaricated, pubneryed storage tanks for 7 
mud, fucl and water presented attractive advantages, particuierly, in lower- 
ing the center of gravity and séving platform space. 
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Ge Submerged Production 

Submerged production frum off-shore weiss 4.80 presente practical 
difficulties. However, these difficulties are mitigated by the fact the 
production operations perfomed st the wel. head are cunpiderably Less conq~ 
A. CRERNE RELI, WER SER: ANG ER: CORENIRIRS SRA rere Come 
Af a permanent type completion was made. Therefore, workovers do not ree of 
quire large, bulky equipment compared to the driliing rige Another, fawrabie 
factor ie the fact thet workover operations are of releativeidy shert duration 
and may be scheduled during periods of favorable weather, 
le ‘eqguirements 

The mechanical requirements for working over permanently completed 
weile are:?° (a) accessibility for installation of the wire Line blowout 
preventer, of 4 lubricator with 4 wire line stuffing box, or tne cementing 
head; (b) hoisting gear to assist in the instaiietion of tae above equip- 
ment; (¢) wire line and reed for running tools in and owt of the weil; and 
(a) the ability todetermine the tol location by the feei of the wire line. 

The factors which wlii control the acueesibiiity of the wel. to @ 
eiver are depth, turbidity of the water, and the water temperature, Lepths 
to one hundred fifty feet are accessibie to divers breathing compressed air 
for periods of tine sufficient to instali equipment. A smell decompression 
Chember on the workover bowt can be used to advantage by © placing the ten 
foot decompression stop or by using aurface decompreasiun exclusively. é#riefiy, 
decompression time on the stage may be cut approximately fifty percent by 
Wing the chember for the ten foot step. Turvdid water should not be @ critical 
qundition to the exyerienced diver but it wil. slow him ups ate: tempera- 
tures within the Oulf of Mexico should present no probles to the diver. 
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Temperatures elsewhere may slow operativns. 

The hoisting gear for handling equipment to be insteiled at the 
well head would require desicen end development, in aidition w the boon, 
piumbing the well head, it should have an air driven winch with @ ree. Ga- 
pacity of about two hundred feet of wire. freferably, thio gear would be 
unitised, The running end of the winch wire should not only be fitted to 
handle the equipment for the weil head but should alse handle 4 Havy-type, 
carpenter stopper. 

The Wire line end reel for running tools in and out would be in- 
stalled on the tender, ‘he wire iiMe should lead throwh & dead sheave to 
provide some freedom of motion for the tender, This line from the boat would 
be stoppered off and the twele bandied by the diver's winch #t the critical 
pointes ic. the top of the hole and the seating iocatione in the production 
sone, it should be noted thet this procedure will give the diver tne ability 
tw feei the line. 

Well sontroel equipment presently in use ccald be converted for use 
on gubmercged welis without any major redesign. iUydraulic equipment would 
prevent only & siightiy different corrosion problea, ‘iectric equipment 
Would shere the corrosion problem and, in addition, require pressure proof} 
inge This could readiiy be secomplished by a mydraulic fill or by the ine 
stallation of « pan pressured cheli. 

2 Potential Advantapes 

The potential advantages of submerged cuapleticn are as follows: 
(a) elimination of well head preductivn platforms ani their meintanence and 4. 
(>) elimination of weather end fire hasard to well head platforms and te | 
the well heac tubing between the bottom and the platform, 
3. lieadvantages 

The disadvantages of this submerged procedure are: (a8) increased 
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complexity of workover procedures; (b) higher workover costs and (c) ine 
creased cost of prescure proof well head controise 
Le Summary on Submerged Production Avplication 

It should be noted thal gathering tanks and other reieted service 
equipment wil. still require platforms. Therefore, suvmerged completions 
will only be advantageous for those wells which are too remote to permit 
completion at the gatheting tank platform 
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Vie CUNCLUSLONS 

As a result of this investigation, it is possible to draw some con- 
clusions concerning the prospects of applying diving techniques to tne off- 
shore problems, At this moment, it is «parent that divere can oniy perform 
their traditional services in platform construction, in underwater inspec- 
tions, and in pipeline repairs. Aided by some engineering development of 
equipment and techniques, submerged, permanent completions to a depth of 
about one hundred fifty feet could be serviced by employing diving techniques. 
The development of an aileweather, deep water, submerged driliing rig is a 
research development problem i>volving more than the barge development alone, 
Even after the difficulties related to the power sup, iy, the bell design, 
and the accessibility of the barge ere eliminated, more basic obstacies re- 
maing The basic data which are required in order to establish design cri- 
teria for the barge ventilation system «nd air purifying are unavailable, 
Automatic driliing rig controls which permit remote control of the eseential 
operations of running casing, logging, and cementing have not been developed. 
The techniques for completing and producing @ weli at tne greater depths 
(beyond cone hundred feet) are untried, The availability of a crew capable 
of operating and maintaining @ submerged driliing rig is uncertain. 
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Vile WGOMMINDATIONS 

Therefar os, it is recommended taat + 

(a) the development of submerged producti n be initiated and pursued 
with the purpose of demcnsireting economic os well es technical feasivility; 

(bo) @ liaison be outablioned with tao 4, 6, Navy, Burean of Nedi- 
Cine end Surgery, in order to secure the release of date which are required 
to esteblish eign criteria for the ventilation system of any submerged, in- 
habited barge; 

(c) that the development of automatic drilling rigs be continued 
ami their functions expanded to the control of running caving, cementing, 
and Logging; 

(a) mo direst enginsering development of a submerged driiiing barge 
be initiated untii design criteria on ventiistion and on the driiling macnine 
ery Gre available and ave firms 
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AP VENDIX I 
Definitions 

Bathyscaphe - A small submarine naving gasoline insteac of air for main 
ballast control. It now holds the world's record for deep diving. 
+t is weed by J. Vosteau and A. Picard. 

Bathysphere - An observation chamber, fitted to withstand great pressures, 
which is lowered to great depths. It has been employed by Willian 
Beebe and Auguste Picard. 

Blowing wild - An expression for an oil weil which is out of control and 
Vioientiy emitting oii ami gas. 

Carpenter stopper - A mechanical device for holding a wire line by means of 
opposed wedges. The Navy-type stopper will hoid the wire until it 
parts, without damage to the wire. 

Cementing - A name given to several similiar operations whereby cement is in- 
jected into a well in order to seal the ends of the casing to the 
surrounding formation; to repair a casing leak; or to isolate a 
particular strata behind the casing string for production. 

Gonductor pipe - A relatively short large diameter pipe extending from the 
surface and used to provide a passage for the drilling fluid at the 
start of driliing. 

Crown block - The fixed block of the hoisting tackle of an oil weli derrick. 

Decompression time - The total time required to safely reduce tne gas satura- 
tion of a man's body to normal, after exposure to pressures greater 
than one atmosphere, 

Drilling string - The rotating elements of the rotary rig from the swivel 
to the bit. 
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Logging - A general term including any method of securing information con- 
cerning an oil weil which may require lowering instruments into the 
well bore. 

Lubricator - A mechanical device permitting the in roduction of toois or equipe 
ment into a high pressure vessei or pipe without reiease of pressure. 

Making hold - A term applied wt a drilling rig which is on location and ene 
gaged in driliinge 

Mooring - A term used here to describe the entire arrangement for attaching 
a vessel to the ocean bottom. 

Mud - A descriptive term for the fluid used in driiling by the rotary method 
and for any dry or concentrated liquid form of that fluid. 

Off-shore ~- A term used here to designate any area which is directiy exposed 
to the open ocean from the lower low water mark to the one hundred 
fathom curve. 

Pontoon - A chamber which is fitted with special bailasting and debailasting 
equipment and commonly used to assist in raising objects from tne 
ocean floor. It is here used to include any tank, not included with- 
in the hull proper but attached to the huii and used for adjusting 

the bouyancy or besring pressure of the huii on the ocean bottom. 

Running end - The moving or free end of a working rope or lines 

Stage or stop - An intermediate pressure between the working pressure of the 
@iver and atmospheric pressure at which the diver must remain for a 
fixed period of time for safe decompression. 

Tidelands (as used herein) - Any land which underlies water which exhibits 
tidal action. 

Turbo-driil - A drill and attached turbine used in cunnection with a rotary 
drilling rig whereby the turbine and drili are potated by energy 
transmitted by the circulating fluid (mud). 
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